In 2019 alone, Temerloh district located in central Peninsular Malaysia has been hit by unpredictable wind storms in localised areas which damaged more than 185 rural homes. This research set out to assess the structural vulnerabilities of damaged rural houses to severe winds in Temerloh and lessons learned from windstorm damage through field surveys of damaged homes between March 2019-August 2019 and supplemented by districtlevel post-windstorm reconnaissance reports prepared by Malaysia Civil Defense Force (APM) and other information gathered from local government. Results indicate poor performance of structural and non-structural building components in resisting high wind loads due to inadequate design, understrength of failed building materials and defective construction details. The results of this study could have important implications for government agencies, NGOs, builders, and engineers in assisting rural communities in reconstructing windproof resistant homes and planning for future windstorm risk management efforts specially catered to homeowners in Temerloh.
Introduction
Turbulent surface wind with frequent afternoon and evening showers accompanied by thunder and lightning prevail during Malaysia's inter-monsoon periods. These localised microscale thunderstorms last for a short time but capable of producing strong winds that cause damage to properties and uproot trees (Nor et al., 2018) . Windstorm damage to houses is primarily due to extreme wind speed, flying debris and impact from fallen trees. The roof of a house is the highest component above the ground; therefore, it is most susceptible to windstorm damage. Any damage to any parts of the roof will allow wind to enter the house creating higher internal pressure that will lift the roof off from its support and connections (He J. et al., 2017) . Past damage investigations for windstorm events have revealed factors in poor building performance, particularly in the case of non-engineered rural houses in Malaysia. Several studies have reported that windstorm caused greatest catastrophic damages to rural homes in Malaysia that occurred with failure of roof connections and roof uplift Zaini et al., 2017; Muhammad et al., 2015; Ramli et al., 2014) .
Immediately after windstorm strikes, a team of field inspectors and engineers must assess all damages, safety and risk level of the buildings. The current post-damaged assessments in Temerloh district documented only photographic evidence of non-structural damaged components such as damages to the roof covering while it did not report structural damages.
Several countries have implemented various methods for post-damage inspection and rapid building assessment. Countries which adopt standard damage assessment methodology are Japan (JBDPA 90-91), the USA (ATC 20, ATC20-2), New Zealand (NZNSEE 98), the Balkans and Italy (UNDP / UNIDO, Greece). These building damage assessments methods are developed primarily for post-earthquake damage assessments, and they adapted the USA (ATC-45) field evaluation for a safety evaluation after windstorm and floods (ATC, 2005) . The content of the forms used in Japan, New Zealand and USA methods are practically the same. The method used in the Balkans required a more detailed form, and field surveyors need to undergo training to understand structural building behaviour before being able to apply the method (Rosetto et al., 2010) . Therefore, we adopted the USA method of evaluating windstorm damages in this study. Damage assessments help to identify the mode of failures of structural members accurately, and engineers can propose stronger design alternatives and government/NGOs and distribute appropriate monetary assistance to rebuild more wind resilient homes.
This study focuses on damage assessment to rural housing in Temerloh district located in central Peninsular Malaysia. Unpredictable wind storms have hit localised areas in Temerloh which damaged more than 185 rural homes between March to August 2019. Based on the rapid and detailed damage evaluations, major typical failure modes and statistical patterns in terms of severity of structural and non-structural damages are evaluated and presented. This study involved the use of field surveys, ground data and photographic evidence to perform structural damage assessments for the houses. Recommendations and lessons learned are proposed based on the findings of this study. These recommendations may be used for the design and reconstruction purposes to mitigate the effect of future windstorm events.
Methodology
Field surveys were carried out by a team of evaluators led by Malaysian Civil Defense Force from Mar 2019 to August 2019, which caused damages to rural houses in Temerloh district. Figure 1 shows the location map of Temerloh with surveyed locations of the damaged houses. The survey team consists mainly of officers from District and Land Office, Public Welfare Department, Malaysian Civil Defense Force (APM) and Malaysian Armed Forces. The survey team walked through the areas affected by the windstorm and photographed damaged houses/buildings. The items included in the post-windstorm damage surveys were the name, address, time, date, persons attended the surveys and estimated damage costs. Another field surveys were conducted on the 29 th and 30 th August by researchers from the Centre of Disaster Risk Reduction (CDRR), UTAR.
Due to the absence of proper structural damage assessments tools in the field surveys, we thus applied structural damage assessments on selected 135 houses of the 185 damaged rural houses in villages in Temerloh using photographic documentation provided by APM and field surveys by authors and researchers from CDRR . For each of the housing stocks, damages brought about by windstorm were observed mainly on structural and non-structural components that are most susceptible to wind pressure such as vertical and horizontal structural and roof framing, roof sheathings, walls and windows. This study involves two-levels building-level housing damage assessment based on Applied Technology Council's procedure ATC-45 (ATC, 2005; Rosetto et al., 2010) , questionnaire survey and district-level post-windstorm incident reports and damage pictures prepared by Malaysia Civil Defense Force (APM). The two-level building damage assessments are:
1. Rapid evaluation: This first level of assessment requires classification of the selected rural houses by quickly colour tagging the buildings based on the usability and damage states of the buildings, as shown in Table 1 . Other qualitative damage description includes partial collapse, structural leaning, facade damage, roof damage, falling hazards, ground movement and differential settlement. 2. Detailed evaluation: This second level of assessment involves a detailed engineering evaluation of the selected damaged building using observed damage criteria shown in Table 2 . The detailed assessment included the following: collapse, out of plumb, falling hazard due to damage, geotechnical hazard, electrical lines/leaning trees/submerged fixtures, structural vertical and lateral load-bearing components and joint failures and the degree of damage in non-structural components We conducted interviews to assess the use of mitigation measures during reconstruction. We adopted the questionnaire survey designed by Lotay (2015) and Yamane (2013) . The field survey contained questions addressing the following areas of concerns: roof cover inclination and materials, connection materials and between roof purlins, rafters and roof cover, frequency and damage extent of past windstorm event, presence of trees around the house, roof overhang, change of materials and construction practice during reconstruction. 
Findings

Summary of Damage Observations and Typical Structural Failure Modes from Rapid Evaluation Methodology
The majority of the houses surveyed showed designs of typical of the 'Rumah kampung' styles and low-cost single-storey terrace houses. 'Rumah kampong' are typically closely-clustered 1 to 2 story structures constructed with wood frame on the post with wooden walls, metal corrugated or zinc-roofed raised on stilts or ground. Single-storey terrace houses are typically reinforced concrete frame structure with brick walls, roof truss roofing and asbestos ceiling boards.
We present the results of the status of usability of the buildings using rapid evaluations as shown in Figure 2 . According to Figure  2 , 10% of the inspected buildings were safe for occupancy. Approximately 85% of the houses that requires restrictions placed on areas of the buildings that were not usable. 5% of the houses were unsafe, and the residents seek shelter temporarily at their neighbours and relatives homes. There was no major collapse. Based on the district-level post-windstorm incident reports and damage pictures, the primary identified causes of damage throughout the community were wind effect. A small percentage of the reported buildings suffered damage due to flying debris from neighbouring roof materials and toppled trees.
Based on the rapid evaluations, we identified and defined major typical failure modes of all the damaged houses evaluated based on photographic evidence, as shown in Figure 3 Typically damaged roof sheathings were 0.18mm thick corrugated zinc roof sheets attached by roof nails to timber trusses. Interviews with homeowners showed that thicker sheathings did not replace these thin corrugated during repair and replacement after the windstorm. Wind uplift caused roof sheathings to displace a distance away, but most of the walls remained intact. Based on observations of roo debris, roof nails and sheathings were rusty. Rust decreased nail strength that caused roof sheathings to pull out from the rusted connections.
One of the main observation from the field survey was that older building experienced more severe damage compared with newer homes. Figure 8(a) shows an older and newer located in the vicinity of the area, with the older home experienced severe damage. In contrast, the newer building with a newly built roof system did not experience any damage. The older home experienced damage to external facade. The poor conditions of the zinc roof and poor connections could not withstand the higher than average wind speed. Some properties have a second story provide shelter during a strong windstorm and protection from flying debris and fallen trees and branches. The time to start repair work was slow due to lack of workforce. 
Summary of Damage Observations and Typical Structural Failure Modes from Detailed Evaluation Methodology
We summarised the results of the detailed evaluation in Table 2 . Figure 5 and 6 show the results of the detailed evaluation of statistical patterns in percentage values in terms of the severity of structural and non-structural damages. Damage to structural parts includes column vertical and lateral load-bearing components such as columns, beams, load-bearing walls, roof and floor framing and their connections. Non-structural components consist of ceilings, roof sheathings/shingles and connections, fallen/leaning trees, walls and window. Figure 7 illustrates that 78% of the houses experienced minor structural damage, whereas 18% experienced moderate and 4% severe structural damage. We found that most minor structural damages occurred in the roof system and connections where homeowners need to replace several timber roof beams and purlins. Figure 8 showed that 27% of the houses experienced minor nonstructural damage, 62% experienced moderate non-structural damage, and 11% experienced severe non-structural damage. The results are consistent with a study carried out by Majid et al. (2010) who identified that 47% of rural houses had damage in roof sheathings (non-structural), 30% damage in roof supporting system (structural) and 13% damage on roof shingles (non-structural) in rural houses in Peninsular Malaysia. We found no geotechnical hazards. Figure 7 -10 show major structural and non-structural damage mechanisms.
Key recommendations
Based on field surveys and findings from this study, we recommend some structural strengthening that can be adopted to rebuild better windstorm resilient rural housing. Thin roof sheathings need to be replaced by locally manufactured thicker roof sheathings. At least 0.38 mm or more in thickness painted with durable zinc coating to replace the 0.18mm thick corrugated zinc sheets used in older houses (IFCR-SRU, 2017). More substantial and closer roofing screws are the preferred fasteners (diameter = 20 mm) to prevent roof uplift subject to strong winds (IFCR-SRU, 2017). From findings, builders used small, smooth-shank roofing nails. Laboratory work done by Wan Chik (2013) confirmed the findings. For a maximum wind speed of 53.7 km/h in selected study areas in rural Malaysia, screw fasteners resisted much higher pull force than nail fasteners at a spacing of 850mm between purlin and roof sheathings. Cross bracings in rafters and trusses prevent overturning and provide load path for lateral wind loads to the transferred to the foundation. Hipped roofs have a better aerodynamic performance of wind results in lower suction pressure compared to gable and mono-pitched roofs (IFCR-SRU, 2017). More massive overhangs have more substantial wind pressures as seen in some of the damaged roofs.
One of the steps towards improving rural housing performance in high wind events is through improvements to building code compliance, construction guidelines and practices. Malaysia's rural housing stocks are non-engineered buildings that are constructed informally without input from qualified architects and engineers in the design and construction stages. We recommend that communities should have access to code-compliance technical advice from building professionals. Chik et al. (2019) found out that mitigation measures such as an amendment to wind speed and wind code and enforcement by authorities on wind resistance requirements in rural building approval process were the most favoured key measures by building professionals in Malaysia (Chik, 2019) .
Other than structural strengthening, increased community social resilience such as awareness, knowledge and skill can limit the damage (Bastaminia, 2019) . Homeowners were thankful to Malaysian Armed Forces who helped them in the house reconstruction work. Due to the lack of sufficient workforce and labour, urgent work is done hastily without seeking advice from qualified engineers. Therefore, it is necessary to upgrade the essential technical skills of builders through training programs. Interview with the homeowners revealed that they do not know about future windstorm protection. Therefore workshops will help to raise awareness on the danger of future occurrences. A detailed damage assessment has a significant advantage compared to current post-damaged assessments carried out by the Malaysian Civil Defense Force. Decision-makers can access the detailed damaged assessments to manage windstorm disaster effectively. Building professionals can create plans to train personnel in administering damage assessments forms before disaster strikes. Relevant government officials and agencies and local communities can access these damage data easily.
On the other hand, the higher the economic resilience, the lower the economic loss and the speedier the recovery. Research showed that households with more considerable savings have a higher recovery rate (Walsh, 2019) . Field survey interview on 30 th August 2019 with a female homeowner revealed repair work by the homeowner in one of the houses has not been started due to lack of financial resources. We visited the damaged home about three months after the damage had occurred. The damaged roof has not been removed and is at risk of falling posing a threat to the residents. We recommend that low-income villagers develop an awareness of future climate threats and rural economy stimulation will help at-risk communities to be more resilient.
Though this study was able to identify the severity of structural and non-structural damages due to windstorm using building damage assessment process, the research is not without limitations. The field surveys were not carried out with qualified building design professionals. Some critical damages may not have been reported in the field surveys reports that are important for a detailed assessment analysis. Not all affected homeowners could be contacted. Therefore their responses on building back better homes could not be captured. Only selected photographic evidence were provided for the house.
Conclusion
Damage to roof sheathings and non-structural components were the main failure modes observed in rural houses in Temerloh due to high wind speed events. Inadequacy in design and material deterioration increased the building physical vulnerability of rural houses, and due to low financial income, they cannot afford to build back more post-windstorm resilient houses. The age and quality of materials used played a significant role in the response of the rural houses to localised high wind loads. We recommend researchers undertake an evaluation in assessing the differences and similarities in the process of collecting post-damaged data among several districts and states in Malaysia and in assessing how local communities and other stakeholders use these damage assessment data in disaster management. These data is useful in local disaster preparedness plans to identify vulnerable areas of community and recommend mitigation actions to reduce risks. Therefore it is recommended that building surveyors carry out the detailed damage assessment to accurately assess failure patterns for economic loss assessment analysis.
